A novel nitrogen-fixing strain, designated T , was isolated from a freshwater lake in Taiwan.
T
. The major fatty acids (.10 %) of strain T were summed feature 3
(comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 and C 18 : 1 v7c. The cellular hydroxy fatty acids were C 12 : 0 3-OH, C 14 : 0 2-OH and C 14 : 0 3-OH. The isoprenoid quinone was Q-8 and the DNA G+C content was 72.0 mol%. The polar lipid profile contained phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and several unknown aminophospholipids and phospholipids. DNA-DNA relatedness between strain HL-12 T and LMG 3975 and LMG 3977 T was ,70 %. On the basis of the genotypic and phenotypic data, strain HL-12 T represents a novel species in the genus Derxia, for which the name Derxia lacustris sp. nov. is proposed. The type strain is HL-12 T (5BCRC 80208 T 5KCTC 23311 T ).
The genus Derxia, first proposed by Jennsen et al. (1960) , belongs to the family Alcaligenaceae of the order Burkholderiales in the class Betaproteobacteria (Garrity et al., 2005) . The genus Derxia presently comprises only a single species with a validly published name, , which was isolated from West Bengal soil (Jennsen et al., 1960) . Cells are Gram-negative, obligately aerobic rods with rounded ends surrounded by a thick capsule, motile by means of a short polar flagellum, poly-b-hydroxybutyrate granulecontaining and catalase-negative. Cells can fix molecular nitrogen under both aerobic conditions and decreased oxygen pressure and can grow as a facultative hydrogen autotroph (Jennsen et al., 1960) . Chemotaxonomically, cells possess Q-8 as the major respiratory quinone, summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 18 : 1 v7c and C 16 : 0 as the predominant fatty acids and C 12 : 0 3-OH, C 14 : 0 2-OH and C 14 : 0 3-OH as the cellular hydroxy fatty acids (Xie & Yokota, 2004) . The DNA G+C content is 69.2-72.6 mol% (De Smedt et al., 1980) .
During the characterization of micro-organisms from fresh water in Heaven Lake (23u 169 39.50 N 120u 549 53.70' E; pH 7.5, 25 u C) located in Southern Cross-Island Highway, in Kaoshiung County, Taiwan, a light yellow bacterium, strain HL-12 T , was isolated and selected for detailed analysis. Strain T was isolated on R2A agar (BD Difco) after incubation at 25 u C for 3 days. The isolate was maintained under these conditions and preserved either at 280 u C in R2A broth with 20 % (v/v) glycerol or by lyophilization. LMG 3977 T and LMG 3975 were obtained from the Belgian Coordinated Collections of Microorganisms and used as reference strains for phenotypic and genotypic tests.
Cells were observed by phase-contrast microscopy (DM 2000; Leica) using cells grown on R2A agar at 25 u C for 6 h (lag growth phase), 18 h (exponential phase) and 36 h (stationary phase). Motility was tested by the hanging-drop method (Murray et al., 1994) . The Gram Stain Set S (BD Difco) kit and the Ryu non-staining KOH method (Powers, 1995) were used for testing the Gram-reaction. Poly-b-hydroxybutyrate granule accumulation was observed under light microscopy after staining with Sudan black. The formation of capsules was studied using Hiss staining (Murray et al., 1994 observed on R2A agar using a stereoscopic microscope (SMZ 800; Nikon).
The pH range for growth was determined by measuring the optical density at 600 nm of R2A broth cultures. The pH was adjusted prior to sterilization to pH 4-9 (at intervals of one pH unit) using appropriate biological buffers (Breznak & Costilow, 1994) : citrate/Na 2 HPO 4 buffer (pH 4.0-5.0), phosphate buffer (pH 6.0-7.0) and Tris buffer (pH 8.0-9.0). Verification of the pH after autoclaving revealed only minor changes. The temperature range for growth was determined on R2A broth at 4-50 u C. To investigate growth with NaCl, R2A broth was prepared according to the formula of the BD Difco medium with the NaCl concentration adjusted to 0, 0.5 and 1.0-6.0 % (w/v) (at intervals of 1.0 %). Growth under anaerobic conditions was determined after incubation on R2A agar in the OxoidAnaeroGen system. For the nitrogenase activity test, strains were inoculated into 33-ml rubber-septa-sealed vials containing 10 ml semi-solid nitrogen-free medium [DSMZ medium no. 3 or nitrogen-free SM medium (Reinhold et al., 1986) ] and incubated in the dark at 35 u C. After 2-10 days of incubation, 10-50 % (v/v) of the air phase was replaced by acetylene. Nitrogen-fixing ability was determined using the acetylene reduction assay as described by Elliott et al. (2007) .
The isolate and the reference strains were examined for a broad range of phenotypic properties. Catalase, oxidase, DNase, urease and lipase (corn oil) activities and hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were determined using standard methods (Smibert & Krieg, 1994) . Additional biochemical tests were performed using API ZYM and API 20 NE kits (bioMérieux) and carbon source utilization was evaluated using GN2 MicroPlates (Biolog). All commercial phenotypic tests were performed according to the manufacturers' recommendations.
Sensitivity to antibiotics was tested by the disc-diffusion method after spreading cell suspensions (0.5 McFarland) on R2A agar. The discs (Oxoid) contained the following antibiotics (mg per disc): ampicillin (10), chloramphenicol (30), gentamicin (10), kanamycin (30), nalidixic acid (30), novobiocin (30), rifampicin (5), penicillin G (10), streptomycin (10), sulfamethoxazole (23.75) plus trimethoprim (1.25) and tetracycline (30). The effect of antibiotics on cell growth was assessed after 2 days at 25 u C. The diameters of the antibiotic discs were 8 mm. A strain was considered susceptible when the diameter of the inhibition zone was .13 mm, intermediately susceptible at 10-12 mm and resistant at ,10 mm, as described by Nokhal & Schlegel (1983) .
Genomic DNA was isolated using a bacterial genomic DNA purification kit (DP02-150; GeneMark Technology) and the 16S rRNA gene sequence was analysed as described by Chen et al. (2001) . Primers FD1 (59-AGAGTTTGATCCTGGCTCA-G-39) and RD1 (59-AAGGAGGTGATCCAGCC-39) were used for PCR amplification of 16S rRNA genes. These primers correspond to nucleotide positions 8-27 and 1525-1541 of the Escherichia coli 16S rRNA gene, respectively, and can be used for amplifying a nearly full-length 16S rRNA gene. PCR products were purified and sequenced directly using primers FD1, RD1, 520F and 800R (Weisburg et al., 1991; Anzai et al., 1997) with a DNA sequencer (ABI Prism 3730; Applied Biosystems). An almost-complete 16S rRNA gene sequence (1412 nt) of strain HL-12
T was compared against 16S rRNA gene sequences available at the EzTaxon server (Chun et al., 2007) , the Ribosomal Database Project (Maidak et al., 2001) and the GenBank database (http://blast.ncbi.nlm.nih.gov/ Blast.cgi.). Analysis of the sequence data were performed using BioEdit (Hall, 1999) and MEGA version 5 (Tamura et al., 2011) , after multiple alignments of the data by CLUSTAL X (Thompson et al., 1997) . The resulting multiple sequence alignment was corrected manually and gaps at the 59 and 39 ends of the alignment were omitted for further analyses. Distances corrected according to Kimura's two-parameter model (Kimura, 1983) were calculated and clustering was performed with the neighbour-joining method (Saitou & Nei, 1987) . The maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) trees were generated using the algorithms contained in the PHYLIP software package (Felsenstein, 1993) . In each case, bootstrap values were calculated based on 1000 replications.
The 16S rRNA gene sequence analysis indicated that strain HL-12 T belonged to the family Alcaligenaceae of the order Burkholderiales in the class Betaproteobacteria. Strain HL-12 T formed a distinct subline within the genus Derxia in the neighbour-joining tree (Fig. 1) . The overall topologies of the phylogenetic trees obtained with the maximumlikelihood and maximum-parsimony methods were similar. Sequence similarities over 1400 bp indicated that strain HL-12 T was closely related to IAM 14990 (99.1 % 16S rRNA gene sequence similarity, with 13 different nucleotides) and IAM 13946 T (98.8 %, with 16 different nucleotides). Lower sequence similarities (,93.5 %) were found with representative members of all other genera listed in Fig. 1 .
The nifH phylogeny of diazotrophic bacteria has been reported to generally correlate well with the 16S rRNA gene phylogeny (Young, 1992; Rosado et al., 1998; Moulin et al., 2001; Xie & Yokota, 2004) , so nifH was selected as another marker to elucidate the phylogenetic relationships between the isolate and related taxa. Strain HL-12 T showed 91.0 % nifH sequence similarity with IAM 13946 T and IAM 14990 and lower sequence similarities (,90 %) were found with all other strains tested. A phylogenetic tree based on nifH sequences also showed the monophyletic position of the isolate in the genus Derxia (Fig. S1 , available in IJSEM Online).
DNA-DNA hybridization experiments were carried out by the method of Ezaki et al. (1989) . The separate species status of strain T was confirmed by low DNA-DNA relatedness between the isolate and LMG 3977 T and LMG 3975 (51.5±1.2 and 48.6±1.7 %, respectively). These values were below the 70 % cut-off point recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) . This warranted the placing of strain T in a separate species in the genus Derxia.
The fatty acid compositions of strain HL-12 T , LMG 3977 T and LMG 3975 were determined using cells grown on R2A agar at 25 u C for 2 days. The physiological age of the different bacterial cultures at the time of harvest was standardized by choice of sector from a quadrant streak on the plates according to the MIDI protocol (http://www. microbialid.com/PDF/TechNote_101.pdf). In this study, the strains tested exhibited very similar growth rates on R2A agar. The fatty acid methyl esters were prepared and separated according to the instructions of the Microbial Identification System (MIDI; Sasser, 1990) and identified by MIDI version 6.0 and the RTSBA6.00 database. The fatty acid composition of strain HL-12 T was similar to those of LMG 3977 T and LMG 3975, although there were differences in the proportions of some components (Table  1) . The major fatty acids (.10 %) of strain HL-12 T was summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c; 26.1 %), C 16 : 0 (21.2 %) and C 18 : 1 v7c (18.0 %). Strain T and the two reference strains had the same major fatty acids and their cellular hydroxy fatty acids were C 12 : 0 3-OH, C 14 : 0 2-OH and C 14 : 0 3-OH. The quantities of summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and C 18 : 1 v7c in strain HL-12
T were much lower and the quantity of C 16 : 0 in strain HL-12 T was much higher than those of its closest relatives. Furthermore, in contrast to its closest relatives, strain HL-12
T possessed minor amounts of C 14 : 0 and C 17 : 0 cyclo.
Isoprenoid quinones were extracted and purified according to the method of Collins (1985) and analysed by HPLC. The respiratory quinones of strain HL-12 T were Q-8 (95.5 %) and Q-7 (4.5 %). Q-8 was reported to be the major respiratory quinone of IAM 13946
T by Xie & Yokota (2004) . This result was the same as for the other members of b-Proteobacteria. The DNA G+C content of strain HL-12 T , determined by HPLC according to Mesbah et al. (1989) , was 72.0±1.0 mol%. Polar lipids were extracted and analysed by two-dimensional TLC according to Embley & Wait (1994) . Molybdatophosphoric acid was used for detection of all lipids, ninhydrin reagent for lipids containing free amino groups, zinzadze reagent for phosphorus-containing lipids and a-naphthol reagent for glycolipids. Strain HL-12 T exhibited a complex polar lipid profile consisting of phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), two unknown aminophospholipids (APL1, APL2) and seven unknown phospholipids (PL1-PL7) (Fig. S2) and maximum-parsimony algorithms are shown above and below the branch nodes, respectively. Filled circles indicate that the corresponding nodes were also recovered using the maximum-likelihood and maximum-parsimony tree-making algorithms.
Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-parsimony algorithm. Escherichia coli ATCC 11775 T was used as an outgroup. Bar, 0.01 substitution per nucleotide position.
and they all had PE, PG, DPG, APL1, APL2, PL2, PL3, PL5 and PL6. However, three unknown phospholipids (PL1, PL4 and PL7) were present in strain HL-12 T but absent in LMG 3977 T and LMG 3975 and two unknown aminophospholipids (APL3 and APL4) were absent in strain HL-12 T but present in LMG 3977
T and LMG 3975. All data were taken from this study except for G+C content in columns 2 and 3 (De Smedt et al., 1980) . All strains are Gram-negative rods, mesophilic, neutrophilic, non-spore-forming, poly-b-hydroxybutyrate granule-containing and positive for nitrogenase, oxidase, alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase activities, hydrolysis of Tween 60 and assimilation of glucose, gluconate and malate. All strains are negative for DNase, urease, arginine dihydrolase, lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, a-mannosidase and afucosidase activities, nitrate reduction, indole production, glucose acidification, assimilation of mannose, N-acetylglucosamine, maltose, caprate, citrate and phenylacetate, and hydrolysis of casein, starch, corn oil, gelatin, aesculin and Tweens 20, 40 and 80. All strains are sensitive to penicillin G, ampicillin, chloramphenicol, gentamicin, kanamycin, tetracycline, streptomycin, sulfamethoxazole plus trimethoprim and nalidixic acid. +, Positive; W, weakly positive; 2, negative. 6-7 (6) 7-8 (7) 5-8 (7 The physiological, biochemical and morphological characteristics of strain HL-12 T are given in the species description, Table 2 and Table S1 . Phenotypic examination revealed many common traits between the isolate and its closest relatives, LMG 3977 T and LMG 3975. All strains could grow well in nitrogen-free DSMZ medium no. 3 supplemented with glucose or mannitol as sole carbon sources and in nitrogen-free SM medium supplemented with malate as sole carbon source. In addition, nitrogenfixing activity was observed in the acetylene reduction assay. However, strain HL-12
T could be clearly differentiated from the reference strains by its colony appearance, its ability to grow with up to 4 % NaCl, the presence of catalase activity, the absence of esterase lipase (C8) and NAcetyl-b-glucosaminidase activities, the inability to assimilate arabinose, mannitol and adipate and its sensitivity to novobiocin and rifampicin (Table 2) . Strain HL-12 T could be also clearly differentiated from LMG 3977
T by its ability to grow at lower pH values (down to 6.0) and from LMG 3975 by its narrower pH range for growth (pH 6.0-7.0 versus 5.0-8.0). In addition, strain HL-12
T could be also distinguished from the reference strains by its ability to utilize acetic acid and D-saccharic acid and its inability to utilize Tweens 40 and 80, D-mannitol, D-sorbitol, pyruvic acid methyl ester, cis-aconitic acid, citric acid, malonic acid, propionic acid, succinamic acid, L-glutamic acid and glycerol as sole carbon sources (Table S1 ).
Strain HL-12
T was a Gram-negative, aerobic rod with rounded ends, surrounded by a thin slime capsule and motile, and possessed nitrogen-fixing activity and poly-bhydroxybutyrate granules. It had large amounts of summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 and C 18 : 1 v7c. Its cellular hydroxy fatty acids were C 12 : 0 3-OH, C 14 : 0 2-OH and C 14 : 0 3-OH. It had the major respiratory quinone Q-8 and the DNA G+C content was 72.0 mol%. These characteristics are consistent with the description of the genus Derxia (Jennsen et al., 1960; Xie & Yokota, 2004; Garrity et al., 2005) .
On the basis of the data obtained from 16S rRNA gene and nifH sequence comparisons, strain HL-12 T occupies a distinct position within the genus Derxia. The phylogenetic insight is supported by the unique combination of chemotaxonomic and biochemical characteristics of the isolate. However, strain HL-12 T could be differentiated from its closest relatives by a combination of physiological and biochemical characteristics (Table 2 and Table S1 ). Therefore, it is clear from the phylogenetic and phenotypic data that strain HL-12 T represents a novel member of the genus Derxia, for which the name Derxia lacustris sp. nov., is proposed.
Description of Derxia lacustris sp. nov.
Derxia lacustris [la.cus9tris. N.L. fem. adj. lacustris (from L. n. lacus a lake), referring to the site from which the type strain was isolated].
Cells are Gram-negative, aerobic, motile, non-spore-forming rods surrounded by a thick capsule. Poly-b-hydroxybutyrate accumulation is observed. N 2 could be fixed at microaerobic conditions. After 48 h of incubation on R2A agar at 25 u C, cells are approximately 1.0-1.2 mm in width and 2.0-4.0 mm in length. Colonies are convex, round, smooth with entire margins, light yellow, glistening and translucent (approximately 0.4-1.8 mm in diameter on R2A agar after 48 h of incubation at 25 u C), becoming brownish yellow and brownish red with ongoing incubation (.5 days). Growth occurs at 15-40 u C (optimum 25-35 u C), at pH 6.0-7.0 (optimum pH 6.0) and with 0-4 % NaCl (optimum 0-1 %). Positive for oxidase and catalase activities and hydrolysis of Tween 60, but negative for DNase and urease activities and hydrolysis of casein, starch, gelatin, corn oil and Tweens 20, 40 and 80. In API 20 NE tests, positive for assimilation of glucose, gluconate and malate but negative for nitrate reduction, indole production, glucose acidification, aesculin and gelatin hydrolysis, arginine dihydrolase, urease and b-galactosidase activities and assimilation of arabinose, mannose, mannitol, N-acetylglucosamine, maltose, caprate, adipate, citrate and phenylacetate. In the API ZYM kit, alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase activities are present, but esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin,agalactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase activities are absent. In GN2 MicroPlates, utilizes as sole carbon sources D-fructose, a-D-glucose, succinic acid monomethyl ester, acetic acid, formic acid, D-gluconic acid, b-hydroxybutyric acid, DL-lactic acid, quinic acid, D-saccharic acid, succinic acid and bromosuccinic acid; all other substrates are not utilized. Sensitive to penicillin G, ampicillin, chloramphenicol, gentamicin, rifampicin, kanamycin, tetracycline, novobiocin, streptomycin, sulfamethoxazole plus trimethoprim and nalidixic acid. The major fatty acids (.10 %) are summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 and C 18 : 1 v7c. The major cellular hydroxy fatty acids are C 12 : 0 3-OH, C 14 : 0 2-OH and C 14 : 0 3-OH. The respiratory quinone is Q-8. Exhibits a complex polar lipid profile consisting of PE, PG, DPG, two unknown aminophospholipids and seven unknown phospholipids.
The type strain is HL-12 T (5BCRC 80208 T 5KCTC 23311 T ), isolated from fresh water in Heaven Lake located in Southern Cross-Island Highway, Taiwan. The DNA G+C content of the type strain is 72.0 mol%.
